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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S312expression differences induced by severe running in mice with data
from a human microarray study performed by our group, comparing
paired samples of OA cartilage with macroscopically preserved.
Results: Among the 1863 signiﬁcant probes, representing 1699 unique
genes, 99 genes showed a differential expression with a fold-change of
1.5 and larger for the equation “running” against “non-running” con-
trols. Of these, 85% (15 up- and 84 down-regulated) of the differential
expressed genes were found down-regulated as reaction to mechanical
stress. Pathway-analysis of differential expressed genes showed
enrichment for the biological processes GO-term: “Skeletal system
development”, representing among others: Ctgf, Sox 4, Ctnnb1, Mef2c
and Col1a2 (P¼0.0126). Furthermore, the total network was found
enriched for protein-protein interactions (22 interactions; P¼0.0024;
Figure 1). Of the total 99 genes, a subset of 12 genes was found over-
lapping in the human and mouse studies (Ctgf, Igfbp5, Bcl6, Egfr,
Col1a2, Fbln2, Fam134b, Csda, Cdo1, Hspa8, Phospho1 and Rbm5).
However, in our human data we found that 8 out of these 12 genes
(66%), showed an opposite effect in human cartilage compared to
mouse-joints.
Conclusions:We found connections between the processes involved in
severe mechanical stress in mice and degenerative signs of OA in
humans. The fact that we found opposite effects for a majority of these
genes needs further investigation. A suggested follow up could be to
look at differential expression between load bearing and non-load
bearing cartilage of human knee joints.
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CARTILAGE CORRELATED TO TISSUE SURFACE ROUGHNESS AND
SURFACE ACTIVE PHOSPHOLIPID LAYER PRESENCE: EVIDENCE OF
COOPERATIVE INTERFACIAL LIPID DELIVERY MECHANISMS
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Purpose: The surface active phospholipid layer (SAPL) of human
articular cartilage provides a structural and functional foundation for
coordinating surface homeostasis, mitigating certain perturbation
events, and generating healing responses. Because damaged articular
cartilage lacks SAPL coverage, this feature is used to trait-target dam-
aged tissue for precision resection by physiochemical scalpels which
mimic azurophilic degranulation of polymorphonuclear neutrophils
during the acute phases of wound healing without enzyme system
deployment. The resultant wound bed is non-over-resected, pheno-
typically differentiated, transcriptionally responsive with tissue
assembly behaviors, and geographically improved with increased cel-
lular enrichment ratios. Initial evidence from our group indicates that
this wound bed is also a suitable substrate for SAPL reconstitution post-
treatment through interfacial self-assembly mechanisms. This report
presents the in vivo lipid distribution in human knee and hip articular
cartilage correlated to tissue surface roughness and SAPL presence
reﬂecting lesion severity.
Methods: Under IRB approval, 45 articular cartilage samples were
harvested from eight patients (mean age 58.5  13.9) undergoing knee
or hip replacement surgery for osteoarthritis. Immediately after har-
vest, the samples were placed into 4% gluteraldehyde in HEPES buffered
saline solution for one hour, micro-sectioned, and stained with Nile red.
Laser scanned confocal microscope optical section images (pixel size
460 nm; 235.5 mm squared) were obtained with ﬂuorescence excitation
at 532 nm and band-pass ﬁlter emission detection centered at 605 nm.
Specimens were classiﬁed by zonal properties as normal, or deep-,
transitional-, or superﬁcial-zone lesions. Lipid distribution was char-
acterized and correlated to lesion surface roughness and SAPL presence.
Results: All specimens revealed varying sized lipid droplets limited to
the matrix surface region of w50 mm with droplet size and quantity
decreasing signiﬁcantly as lesion severity increased. Lipid droplets were
present within the nuclear envelope and cytoplasm of regional chon-
drocytes, within the pericellular, lacunar, and extracellular areas, and
within surface extrusion blebs in all groups. Only normal specimens
exhibited evidence of SAPL structures with oligolamellar and micellar
type conﬁgurations. Superﬁcial- and transitional-, but not deep-, zonelesions exhibited small lipid droplet adhesion to the tissue surface in a
micellar type conﬁguration with occasional aggregation into lamellar-
like structures in areas without signiﬁcant surface roughness. The fol-
lowing images represent both hip and knee specimens.Conclusions: Lipid distribution in articular cartilage matrix has been
described previously as limited to the normal superﬁcial-zone func-
tioning to decrease stiffness and increase compliance via droplet size-
dependent nanomechanical inﬂuences; however, this surface matrix
distribution appears to be maintained at lesion sites as an adaptive
response to enhance tissue function commensurate with osteoarthritic
chondrocyte phenotype alterations. Because all lesions lacked an
observable oligolamellar SAPL, but superﬁcial- and transitional-zone
lesions exhibited surface lipid droplet adhesion with micellar type
conﬁgurations and rudimentary lamellar formation at smooth surfaces,
interfacial dysfunction appears to occur prior to the loss of matrix lipid
adaptive response capabilities. Because the synovial ﬂuid is pH (proton
concentration) responsive and contains over 100 lipid species from
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S313many lipid classes, it has been presumed that the SAPL is formed by
adhesion and self-assembly through rheologic synovial ﬂuid lipid dep-
osition from synoviocytes or plasma dialysate. Combined with our prior
work, we postulate that lipid droplet surface extrusion from the matrix
suggests chondrocytes and synoviocytes may cooperatively attempt to
reconstruct the SAPL through prototropic communication (viz. inte-
grated proton transfer pathways through nanochannels, hydrogen bond
networks, and titratable protonation sites), but that the effort becomes
ineffective in osteoarthritis due to the lack of a suitable surface substrate.
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THE CONTRIBUTION OF PROTEOGLYCANS TO THE VISCOELASTICITY
OF THE CANINE ANTERIOR CRUCIATE LIGAMENT
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Liverpool, Neston, United Kingdom; zUniv. of Liverpool, Liverpool, United
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Purpose: Proteoglycans (PGs) are minor extracellular matrix proteins,
which may play an important role in normal ligament mechanobiology.
The contribution of PGs to the mechanobiology of complex ligaments
such as the anterior cruciate ligament (ACL) has not been determined to
date. Recently we have shown that PGs may have a pathological role in
the canine ACL complex of the knee joint as a result of altered
mechanical loads. Rupture of the ACL has profound implications for
joint stability, and affected joints (in both human and other species such
as the dog) develop progressive osteoarthritis. The aim of this study was
to address the hypothesis that PGs play a vital role in ACL mechanobi-
ology by determining the biomechanical behaviour at low strain rates
with and without PGs.
Method:ACLs were removed from canine cadaveric knee joints (n¼8
pairs) as bone (femur)-ligament-bone (tibia) (BLB) samples following
institutional ethical approval. The BLB samples were mounted in an
Instron 3366 uniaxial testing machine (Instron, Norwood, MA) using a
custom made clamping mechanism surrounded by a Perspex chamber
to allow full immersion of the sample. All samples were immersed in
chondroitinase buffer for one hour prior to testing. 0.25iu/ml Chon-
droitinase ABC (Sigma, UK) was then added to the right BLB of each pair
for 3 hours to remove the PGs. All samples were then subjected to cyclic
loading up to 0.5MPa at increasing strain rates, namely 0.25, 0.5, 0.75, 1
and 10 %/min. Stress, strain and tangent modulus values were deter-
mined for each sample and the results analysed with an ANOVA
(Friedman test) (GraphPad, Prism, US) (signiﬁcance set at p<0.05).
Results:Our results showed small but statistically insigniﬁcant differ-
ences between the strain-rate dependent behaviour of specimens both
with and without PGs. However, samples with PGs removed con-
sistently exhibited lower values of tangent modulus at all stress levels
At a stress of 0.1MPa, the average tangent modulus of all strain rates
without ChABC treatment was 7.580.96 MPa and with ChABC treat-
ment was 4.610.73MPawhichwas statistically signiﬁcant (p<0.0001).
Discussion:PGs are thought to contribute to tendonmechanobiology by
allowing ﬁbre sliding or by cross-linking collagen ﬁbrils thereby con-
tributing to load sharing within the tendon. We have shown that PG
depleted ACLs are less stiff with low strain rates in stress strain curve.
This is contrary to ﬁnding previously reported in the medial collateral
ligament (MCL) where no differences were found with PG depletion.
These ﬁndings suggest that PGs are vital to the normal mechanobiology
of complex ligaments such as the ACL. Future work will examine these
ﬁndings at a fascicular level as well as measuring which PGs are
depleted with Western blotting.Meniscus, Muscle, Tendon & Ligament Biology
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A COMPARISON OF THE EXTRACELLULAR MATRIX COMPOSITION OF
TENDON/LIGAMENT TISSUE AND TISSUE ENGINEERED TENDON AND
LIGAMENT CONSTRUCT
Y. Ashraf Kharaz, S. Tew, E. Canty-Laird, E. Comerford. Univ. of liverpool,
Neston, United Kingdom
Purpose: Tendons and ligaments (T/L) play key roles in the muscu-
loskeletal system, but are susceptible to traumatic or age-related rupture,
which can lead to severe pain and immobility for the individual and
increased susceptibility to degenerative joint diseases such as osteo-
arthritis. Tissue engineering offers an attractive therapeutic approach totreat T/L rupture but is hampered by our poor understanding of the
deﬁning characteristics of the two tissues. This study aimed to determine
differences in extracellularmatrix (ECM)macromolecules betweennative
T/L tissue and tissue engineered T/L constructs.
Methods: The anterior cruciate ligament (ACL) and long digital extensor
tendon (LDET) were harvested from cadaveric canine knee joints. Cells
from ACL and LDET (n¼3) were used to create tendon or ligament tissue
constructs, which were grown in a ﬁbrin-based 3D culture system. The
ECM composition of native tissues (n¼5) and engineered T/L constructs
(n¼3) were examined. Total collagen, DNA, sulphated glyco-
saminosglycans (sGAG) and elastin content were measured and nor-
malised to dryweight of the tissues. A quantiﬁed histological comparison
of the tissues was also performed. Finally, a proteomic comparison was
also carried out, analysing protein extracted in 4M guanidine HCL. In-
solution trypsin digested protein samples were analysed by liquid
chromatography tandemmass spectrometry (LC-MS/MS). Data produced
were searched using Mascot (Matrix science, UK), against canine protein
sequence. The gene symbols for each identiﬁed protein were searched in
UNIPROT database and converted to gene symbol of the corresponding
human orthologue. Gene ontology (GO) and protein network analysis
were undertaken using the bioinformatics tool; String.
Results: DNA content was signiﬁcantly higher in both constructs than
native ligaments (mean 8.6 mg/mg T/L construct, 2.9mg/mg ACL,
p¼0.018). Collagen content was 65% ACL, 70% LDET, 4.5% ACL construct
and 2.5% LDET construct: this was statistically signiﬁcant (p<0.0001).
sGAG was 14.3mg/mg ACL, 8.3mg/mg LDET, 15.6mg/mg ligament con-
struct and 11.3mg/mg tendon construct and was signiﬁcantly higher
between native T/L (p¼0.007) and ACL construct compared to native
tendon (p¼0.006). Elastin content was signiﬁcantly higher in ACL
constructs (9.5%) and LDETconstruct (14.3%) compared to both native T/
L (2.5% and 5%, p<0.0001). Histological analysis showed constructs
were highly cellular and conﬁrmed that they had lower collagen con-
tent than native tissue. Blood vessels were identiﬁed by elastin staining
in T/L constructs, indicating that cells from each tissue could be
reforming speciﬁc structures.
In the proteomic analysis, a total of 122 proteins were identiﬁed in
native ligament, 105 in native tendon, 304 in ligament constructs and
481 in tendon constructs. In addition to many cellular proteins, T/L
constructs also comprised numerous extracellular matrix proteins that
were also found in the native tissues, including collagen I, III, VI and XII,
decorin, bigylcan, ﬁbronectin 1 and ﬁbrillin 1. String analysis revealed
clustering of ribosomal proteins in both T/L constructs. Interestingly,
tendon constructs contained more cytoskeletal, ATP and heat shock
associated proteins than the ligament constructs. The principal gene
ontology processes were identiﬁed as ECM organisation in native liga-
ment, collagen ﬁbril organisation in native tendon. Principal ontologies
associated with constructs involved protein translation and targeting.
Conclusion: The results of this study show that whilst the ligament and
tendon constructs are composed of different proportions of ECMproteins,
they share some similar characteristicswith the native tissues. Thismight
indicate that cells from each tissue retain a site speciﬁc “memory”which
enables them to recapitulate speciﬁc ECM in 3D culture conditions. The
rapid acquisition of sGAGandelastin content in the engineered constructs
might indicate that these components mature faster than collagen
matrix; as has been observed with chick tendon ﬁbroblast construct.
Proteomics identiﬁed several speciﬁc ECM proteins such as asporin,
tenomodulin in the tendon but not in ligament. Other proteins such as
versican, SOD3 and proteoglycan 4 were identiﬁed in ligament but not
in tendon. These may demonstrate a fundamental difference between
tendon and ligament.
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MOLECULAR ANALYSIS OF ANTERIOR CRUCIATE LIGAMENT TEARS
SHOWS TIME-DEPENDENT CAPACITY FOR REPAIR
M.F. Rai, R.H. Brophy, L.J. Sandell.Washington Univ. Sch. of Med., St. Louis,
MO, USA
Purpose: Little is known about molecular changes in the injured human
anterior cruciate ligament (ACL), particularly as it relates to time from
injury. The purpose of this study was to test the hypothesis that gene
expression in ACL tears varies by time from injury which may provide
molecular insights into ACL repair at early (less than 3 mo.) and late
(greater than 12 mo.) time points after initial injury.
Methods: Biopsies of ruptured human ACL tissues (N¼24) were
obtained intraoperatively at the time of clinically indicated ACL
